The visual scene is initially represented in a distributed manner by neurons in early visual areas with small receptive fields tuned to simple features, such as colors and orientations. A single visual object typically activates a large number of neurons representing its various parts and features. However, we normally perceive objects that are composed of multiple parts, each with many features, implying that there are powerful grouping mechanisms that work to reconstruct objects from the individual features. These grouping mechanisms can take advantage of Gestalt grouping cues 1 ; parts of the same object are more likely to be well aligned, move in the same direction and have the same color than parts of different objects. It was proposed 2 that selective attention integrates features into objects, and objectbased attention theories suggest that attention spreads according to the Gestalt grouping cues so that image elements that belong to the same object are co-selected [3] [4] [5] . Previous studies have presented neurophysiological evidence for object-based attention 6,7 , but there is a debate about whether attention spreads automatically according to Gestalt grouping cues [8] [9] [10] .
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To investigate whether attention spreads according to Gestalt cues, we trained three macaque monkeys in an eye movement task and recorded neuronal activity in the primary visual cortex (area V1) with implanted electrode arrays (Supplementary Methods). First, we examined the influence of collinearity (Fig. 1a) . The monkeys saw two bars near the fixation point that were potential targets for a saccade and two more eccentric bars that could be ignored. We identified the target bar after 500 ms by presenting a small dot on top of it, thus guiding attention toward this stimulus 11 . After an additional 500 ms, the fixation dot disappeared, cueing the animal to make a saccade to the target bar. In this session (Fig. 1a) , we simultaneously recorded from a recording site with a receptive field on one of the relevant bars (site 1) and from site 2 with a receptive field on an irrelevant bar.
As expected, the appearance of the dot in the receptive field of site 1 triggered an increase in activity with a latency of 44 ms (Fig. 1b) that was absent if the dot appeared on the other bar. This effect appeared to spread to site 2, where activity was stronger if the dot appeared on the target bar collinear to the receptive field bar than if it appeared on the other bar (P < 0.01, Wilcoxon test; Fig. 1c and Supplementary  Fig. 1 Visual attention can select spatial locations, features and objects. Theories of object-based attention claim that attention enhances the representation of all parts of an object, even parts that are not task relevant. We recorded neuronal activity in area V1 of macaque monkeys and observed an automatic spread of attention to image elements outside of the attentional focus when they were bound to an attended stimulus by Gestalt criteria. 
was a result of perceptual grouping, we also included a control condition in which the same eye movements were made, but the orientation of the central bars was orthogonal, so that neither central bar grouped with the receptive field bar. In this situation, cueing of the central bars had little influence over activity evoked at site 2 (P = 0.32, Wilcoxon test; Fig. 1d and Supplementary Fig. 1b) . Thus, the cueing effect only occurred in case of grouping, as if attention spread according to the Gestalt rule of good continuation.
To quantify these effects at the population level, we determined the difference in activity between conditions in which attention was directed toward and away from the stimulus grouped to the receptive field bar (∆ grouped ). Because the distance between the focus of attention and the receptive field bar might influence activity in the absence of grouping 12 (Supplementary Fig. 4) , we also computed response differences in the control condition in which both central bars were orthogonal so that there was no collinearity grouping in either cueing condition (∆ ungrouped ). We found that ∆ grouped was significantly larger than ∆ ungrouped (P < 0.0001, paired t test; Fig. 2a) , indicating that there is an increased spread of enhanced activity along collinear line elements (Supplementary Fig. 5 illustrates the effects of grouping on V1 activity before cue appearance).
We next measured the influence of color similarity on the spread of attentional modulation in an array of colored dots (Supplementary Methods). The spread of the attentional modulation was stronger if the dot that was the target of the eye movement was the same color as the dot in the receptive field than if these dots were different colors (P < 0.0001, paired t test; Fig. 2b ), which suggests a spread of activity from attended stimuli to irrelevant stimuli with the same color. We also tested the conjoined influence of collinearity and color similarity and found that the spread of attentional modulation was strongest if the target bar and receptive field bar were related to each other by both grouping cues, and weaker in the case of one grouping cue only, suggesting an additive effect of Gestalt principles (Fig. 2c) . In the absence of collinearity, cueing of the upper central bar even induced a stronger response if it had the same color as the receptive field bar, causing a negative grouping index (Fig. 2c) . A two-way ANOVA revealed a main effect of color similarity (F 1,220 = 40.2, P < 10 −4 ) and collinearity (F 1,220 = 5.4, P < 0.05), but no significant interaction (F 1,220 < 1). Finally, we tested the influence of common fate with an oscillatory movement of the bars, so that the receptive field bar and the adjacent target bar either moved in or out of phase. The spread of attentional modulation was most pronounced for bars moving in phase (P < 0.0001, paired t test; Fig. 2d) .
These results indicate that enhanced neuronal activity spreads from attended stimuli to irrelevant stimuli that are bound by Gestalt grouping cues. In a control experiment, we presented the same bars, but directed the monkey's attention to a stimulus in the other hemifield. In this task, the effects of grouping on V1 activity were attenuated, confirming that they reflect the spread of attention from the central bars onto the peripheral bars (Supplementary Results and  Supplementary Fig. 6 ). The attentional co-selection of irrelevant objects with a similar color or motion as the target object may reflect feature-based attention, as has been observed in area MT 13 . However, in the collinear configurations shown in Figure 1c , the two relevant central bars had the same orientation and the effect of cueing on the representation of the irrelevant bars could not be explained by feature-based attention. A previous study 14 found that a chain of task-relevant collinear bars induces attentional modulation in V1, whereas our results indicate that attention spreads from attended bars to nearby irrelevant bars, but only if they are collinear 15 . These results, taken together, suggest a common framework for the effects of collinearity and feature similarity. These Gestalt grouping cues may promote the spread of selective attention to all parts of the same object, thereby facilitating the reconstruction of coherent objects from their initially fragmented representations in early visual cortex (see Supplementary Discussion).
Note: Supplementary information is available on the Nature Neuroscience website.
